Figure 1. Thickness profile of a red blood cell obtained by wide-field interferometric phase microscopy (IPM) under 40 magnification. This shows the valuable quantitative morphological data obtainable from a single exposure using this technique, without sample preparation or labeling, and with a low level of spatial noise. Top left: Spatial inter-
holographic microscopy, in which interference between the sample and reference beams creates a spatial interferogram or hologram on a digital camera. This interferogram can be processed into the quantitative amplitude and phase profiles of the sample. For cells that do not have a nucleus, such as mature red blood cells, the refractive index can be assumed to be constant, so that the quantitative phase measurement is proportional to the physical thickness of the cell (see Figure 1) .
Recently, our group defined generalized parameters that can be calculated from wide-field IPM, which obviates prior decoupling of refractive index and physical thickness. This means that one can quantitatively analyze complex-refractive-index cells, such as cancer cells, which contain numerous organelles. Using these new parameters, we have been able to uniquely distinguish between the different stages of a cell life cycle and learn about cancer cell behaviors (see Figure 2 ). 2 Wide-field IPM could be widely used for clinical applications owing to the unique advantages described above. Currently, however, there are not many options for commercial interferometric microscopes compared with other microscopy Continued on next page techniques. Hence, wide-field IPM is mostly used by optical and biomedical engineers for research purposes. The main reason is the difficulty in obtaining high-quality and stable interference patterns with modest and portable equipment and without an expert user.
To solve this problem, we have designed the interferometer, 1 an inexpensive portable device that can be attached to the output of any inverted microscope to obtain spatial interferograms of microscopic biological samples. It can do so without the strict stability and highly coherent illumination usually required for interferometric microscopy setups. Built using off-the-shelf optical elements and operable with low-coherence illumination, the interferometer is able measure the optical thickness profile with a temporal stability of 0.18nm and spatial stability of 0.42nm. We believe that the simplicity of connecting the device to a microscope and easily operating it will make wide-field IPM more accessible and affordable for biologists and clinicians, significantly broadening its range of applications.
Single-point IPM techniques, meanwhile, have an inherently higher signal-to-noise ratio than wide-field IPM. We recently proposed using a low-coherence spectral-domain phase microscopy system, 3 which relies on a single-point IPM technique based on low-coherence spectroscopy and optical coherence microscopy. This fiber-optic system is driven by a compact lowcoherence source. The spectrum measurements are recorded by a portable spectrometer and processed to determine, with high accuracy, the optical thickness of the sample at a given point. This technique has a good potential for clinical, endoscopic, and in vivo applications.
In summary, IPM techniques for measuring transparent biological samples present unique advantages. They can measure remarkably small changes in the optical thickness of live samples even without labeling. They are also non-invasive, non-destructive, inexpensive, and relatively easy to implement and use. We expect that the IPM field will continue to grow rapidly in the near future, and many more biological researchers and medical doctors will start using it for new and exciting applications. We are currently using IPM to measure temperature-induced changes in red blood cells, cell fluctuations as an indicator for cancer, and neuronal activity. We are also adding molecular specificity to IPM by using laser heating of plasmonic metal nanoparticles to label targets of interest inside cells and tissues.
